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The protocol for counterfactual transmission of a qubit [Li et al., Phys. Rev. A 92, 052315
(2015)] relies on the counterfactuality of transmissions of bit 1 and of bit 0. Since counterfactuality
of transmission of bit 0 is not established, the claim of counterfactuality of transmission of a quantum
state is not founded.
In a paper describing direct counterfactual communi-
cation [1] it was claimed that a bit 1, which Bob specifies
by placing a shutter in a particular place and a bit 0,
defined by placing the shutter away from this place, are
transmitted to Alice through a communication channel
in a very surprising way. The result of the protocol is
different evolutions of Alice’s particle starting from the
ready state |R〉A as a function of Bob’s bit value:
|R〉A|1〉B → |1〉A|1〉B, (1)
|R〉A|0〉B → |0〉A|0〉B. (2)
The surprising part was counterfactuality: this happened
without any particle traveling between Bob and Alice.
The linearity of quantum mechanics tells us that if the
shutter is prepared in a superposition:
|ψ〉B = α|1〉B + β|0〉B, (3)
then the procedure creates entanglement between Bob’s
and Alice’s particles [2]:
|R〉A|ψ〉B → α|1〉A|1〉B + β|0〉A|0〉B. (4)
The time symmetry of quantum processes tells us that
process (4) can be reversed. Bob’s and Alice’s particles
will be disentangled and the quantum state of Bob will
be restored.
The entangled state obtained after process (4) is sym-
metric between Alice and Bob, so if in this reversal oper-
ation the roles of Alice and Bob are switched, the state
|ψ〉 will end up in Alice’s hands:
α|1〉A|1〉B + β|0〉A|0〉B → |ψ〉A|R〉B . (5)
Given the counterfactuality of (1) and (2), the pro-
cess for creating entanglement is counterfactual and the
reversed operation is counterfactual too. Thus, the two-
step operation provides a counterfactual transmission of
a quantum state from Bob to Alice without particles trav-
eling between them.
This is a gedanken experiment because we consider Al-
ice’s photon and Bob’s shutter on the same footing and
assume the existence of technology which can make an
interference experiment with Bob’s shutter. The state
|R〉B is a quantum state of Bob’s shutter exiting Bob’s
interferometer toward its input port in the reversal op-
eration. A conceptually equivalent, but a more realistic
proposal is described in a recent paper by Li et al. [3].
(The same idea was proposed by Salih [4].)
If correct, this is a far reaching result. In the words of
[3]: “An unknown quantum state can be transferred with
neither quantum nor classical particle traveling in the
transmission channel. We can entangle and disentangle
a photon and an atom by nonlocal interaction.”
However, the issue is still under debate. Li et al. failed
to mention that the counterfactuality of (2) was ques-
tioned [5–7]. If (2) is not counterfactual, then the whole
process is not counterfactual and we do not have coun-
terfactual protocol for direct transmission of a quantum
state.
The definition Li et al. adopt is: The process is coun-
terfactual if it occurs without any real physical particle
traveling between the two parties. But what is the mean-
ing of this definition? For the quantum particle, there is
no clear definition of “traveling”. It has a precise mean-
ing in the framework of Bohmian mechanics, but this was
not mentioned, so apparently the nonlocality of the in-
teraction of Alice and Bob is not of the kind of the nonlo-
cality of Bohmian mechanics. It was argued [8] that this
definition has meaning in the framework of Consisitent
Histories approach [9], but this approach is not univer-
sally agreed upon and, and Li et al. did not mention it
as well.
If the wave function of a quantum particle is not
present in the transmission channel, then stating that
the particle does not travel there is uncontroversial. But
this is not the case in this protocol. The statement “the
particle is not traveling in the transmission channel” in
the “counterfactual” protocols corresponds to the follow-
ing property of the evolution of the wave function of the
particle. The part of the wave function of the particle
which passes through the transmission channel in its fu-
ture evolution does not reach the detector detecting the
particle. For a classical particle, whose motion is de-
scribed by a trajectory, this property would be enough:
if the particle traveling in the transmission channel can-
not reach the detector, then the detected particle did not
travel in the channel. But this classical argument cannot
be applied to the past of a quantum particle [10, 11].
In my view, the appropriate criterion for the presence
of a particle in the channel is given by the analysis of the
trace it leaves. If the channel is such that a single parti-
2cle passing from Bob to Alice leaves an infinitesimal trace
there, then the counterfactuality of a protocol using this
channel can be decided according to the trace left due to
the protocol operation. The protocol cannot be named
counterfactual if the trace is larger than that of a single
particle. In [7] I have shown that this is the case for the
“counterfactual” communication protocol [1]. The situa-
tion for the “counterfactual” transmission of a quantum
state [3] is even worse. While in the “counterfactual”
communication protocol [1] for each bit there is a (differ-
ent) part of the transmission channel without any trace,
now, when we have bits in a superposition, the trace is
present in all parts of the channel. Therefore, accepting
the trace criterion of counterfactuality suggests that the
protocol [3] should not be named “counterfactual”.
I could not see any valid answer in [6] to my criticism
[5] of the counterfactuality of the protocol [1] (as well as
to my criticism [12] of the counterfactuality of a similar
protocol [13]). The only known argument for the coun-
terfactuality of these protocols relies on the notion that
quantum particles move on trajectories. This notion is
foreign to standard quantum mechanics.
No paper on “counterfactual” communication has of-
fered a proper definition of where a quantum particle
“travels”. Without such definition, the counterfactual-
ity of “Direct counterfactual transmission of a quantum
state” is not established.
This work has been supported in part by the Israel
Science Foundation Grant No. 1311/14 and the German-
Israeli Foundation Grant No. I-1275-303.14.
[1] H. Salih, Z.H. Li, M. Al-Amri, and M.S. Zubairy, Pro-
tocol for direct counterfactual quantum communication,
Phys. Rev. Lett. 110, 170502 (2013).
[2] Q. Guo, L.-Y. Cheng, L. Chen, H.-F. Wang, and
S. Zhang, Counterfactual quantum-information transfer
without transmitting any physical particles, Sci. Rep. 5,
8416 (2015).
[3] Z.H. Li, M. Al-Amri, and M.S. Zubairy, Direct counter-
factual transmission of a quantum state, Phys. Rev. A
92, 052315 (2015).
[4] H. Salih, Protocol for counterfactually transporting an
unknown qubit, Front. Phys. 3, 94 (2016).
[5] L. Vaidman, Comment on “Protocol for direct counter-
factual quantum communication”, Phys. Rev. Lett. 112,
208901 (2014).
[6] H. Salih, Z.H. Li, M. Al-Amri, and M.S. Zubairy, Re-
ply to Comment on “Protocol for direct counterfactual
quantum communication”, Phys. Rev. Lett. 112, 208902
(2014).
[7] L.Vaidman, Counterfactuality of ‘counterfactual’ com-
munication, J. Phys. A: Math. Theor. 48, 465303 (2015).
[8] R. B. Griffiths, private communication.
[9] R. B. Griffiths, Consistent histories and the interpreta-
tion of quantummechanics, J. Stat. Phys. 36, 219 (1984).
[10] L. Vaidman, Past of a quantum particle, Phys. Rev. A
87, 052104 (2013).
[11] A. Danan, D. Farfurnik, S. Bar-Ad and L. Vaidman, Ask-
ing photons where they have been, Phys. Rev. Lett. 111,
240402 (2013).
[12] L. Vaidman, Impossibility of the counterfactual compu-
tation for all possible outcomes, Phys. Rev. Lett. 98,
160403 (2007).
[13] O. Hosten, M.T. Rakher, J.T. Barreiro, N.A. Peters,
and P.G. Kwiat, Counterfactual quantum computation
through quantum interrogation, Nature (London) 439,
949 (2006).
